cant after adjusting for confounding factors. Conclusion: Ezetimibe monotherapy may be associated with a greater reduction in RLP-C levels in subjects with MetS than in those without MetS.
plained by several mechanisms: for example, an alteration of intestinal lipid transport (lipid absorption/synthesis), intestinal overproduction of chylomicrons, hepatic overproduction of remnants, or a systemic clearance defect in remnants could all be involved [7, [9] [10] [11] [12] [13] .
Ezetimibe was introduced as a new-concept agent, a selective inhibitor of intestinal cholesterol transporter, which suppresses the absorption of dietary and biliary cholesterol by inhibiting the Niemann-Pick-like 1 enterocyte receptor, thereby reducing circulating concentrations of LDL-C [14, 15] . Because subjects with MetS can suffer from overproduction of chylomicrons in relation to intestinal lipid transport [11, 13, 16] , the ezetimibe treatment may reduce circulating levels of RLP-C, in addition to LDL-C, in subjects with MetS.
However, there is little clinical information available on the effect of ezetimibe monotherapy on RLP-C in subjects with MetS in particular, although one earlier report showed that combined ezetimibe-statin therapy reduced RLP-C levels in subjects with obesity and MetS [17] . In terms of the effects of ezetimibe monotherapy on nonMetS populations, some reports have shown a reduction in the RLP-C levels in subjects with dyslipidemia [18, 19] , dyslipidemia and features of MetS [20] , type 2 diabetes [21] and end-stage renal disease [22] . The present study was thus aimed to examine the influence of ezetimibe monotherapy on RLP-C in subjects with and without MetS.
Subjects and Methods
Ezetimibe (10 mg/daily) was prescribed as first-line treatment over a 12-week period for a total of 50 subjects with hypercholesterolemia [ 6 3.64 mmol/l (140 mg/dl) of serum LDL-C concentrations]. These subjects were divided into two groups; those with MetS (n = 28; male/female = 13/15; mean age = 67.1 8 8.1 years) and those without MetS (n = 22; male/female = 9/13; mean age = 66.8 8 5.2 years) based on their cardiometabolic characteristics in the pre-treatment phase. The eligible subjects had no history of cardiovascular, thyroid, kidney, liver or collagen disease. They included subjects with current smoking habits and without heavy alcohol intake (on self-reports). While the population did not receive any other lipid-lowering agents, those who were receiving anti-hypertensive agents (calcium inhibitors and/or angiotensinconverting enzyme inhibitors) and/or anti-diabetic agents (sulfonylureas) with fair diabetic control ( ! 7.5% of hemoglobin A1c; HbA1c) were included in the study. These agents were not changed during the treatment period. The study was approved by the institution's ethics committee and each subject gave informed consent.
The existence of 3 of 5 of the following criteria constituted a diagnosis of MetS according to the National Cholesterol Education Program Adult Treatment Panel (NCEP-ATP) III recommendations [23] : (1) obesity identified by a BMI 6 25.0 kg/m 2 as a surrogate for Japanese subjects [24] ; (2) elevated blood pressure (BP) identified by systolic BP (SBP) 6 130 mm Hg and/or diastolic BP (DBP) 6 85 mm Hg, or subjects who were receiving antihypertensive agents; (3) hypertriglyceridemia identified by serum TG 6 1.70 mmol/l (150 mg/dl); (4) decreased HDL-C identified by serum HDL-C ! 1.03 mmol/l (40 mg/dl) in males and ! 1.29 mmol/l (50 mg/dl) in females; (5) elevated glucose status identified by a fasting plasma glucose 6 6.1 mmol/l (110 mg/dl), or subjects who were receiving anti-diabetic agents.
In the pre-and post-treatment phases, the following parameters were measured in the overnight fasting state: the BMI, SBP/ DBP, plasma glucose, HbA1c and serum LDL-C, TG, HDL-C and RLP-C levels. The concentrations of glucose, LDL-C, TG and HDL-C were measured by the standard enzymatic methods. HbA1c was measured by a high-performance liquid chromatographic method. Serum RLP-C was assayed by the homogeneous method, where cholesterol concentrations in chylomicron remnants, VLDL remnants and intermediate-density lipoproteins were measured with a polyoxyethylene-polyoxybutylene block copolymer and phospholipase-D in the presence of cholesterol esterase and cholesterol oxidase, as fully described in a previous report [25] .
Unpaired t tests and 2 tests were used to compare the above parameters in the pre-treatment phase between the groups with and without MetS. Paired t tests and McNemar tests were used to examine the pre-and post-treatment changes in the respective parameters within each group. A two-way (treatment period ! group with and without MetS) ANOVA was used to compare the pre-and post-treatment changes in the RLP-C levels between the groups with and without MetS with adjustments for substantial confounding factors. TG and RLP-C were log-transformed because of their skewed distribution in the statistical analyses. Statistical significance was set at a p value of ! 0.05.
Results
Among the variables in the pre-treatment phase, the levels of BMI, TG, glucose, HbA1c and RLP-C, in addition to the prevalence of smoking habits and prescription of anti-diabetic agents, were significantly higher, and the levels of HDL-C were significantly lower, in the group with MetS than in the group without MetS ( table 1 ). In the post-treatment phase, 8 subjects with MetS did not meet the MetS diagnostic criteria in the group with MetS (normalization rate, 28.6%, p = 0.01). In the post-treatment phase, the levels of LDL-C were significantly reduced from those of the pre-treatment phase within both groups to a similar level (p ! 0.001 in both groups, table 1 ). There was a significant reduction in RLP-C within the group with MetS (p = 0.005), while no significant reduction in RLP-C was observed within the group without MetS (p = 0.418).
The change in RLP-C in the group with MetS was significantly greater than the change in the group without MetS (p = 0.014). The difference in RLP-C between the two groups remained significant after adjusting for the following confounding factors: age, gender and smoking (p = 0.030); age, gender, smoking and pre-treatment LDL-C (p = 0.031); age, gender, smoking, and the presence of anti-hypertensive agents and anti-diabetic agents (p = 0.013).
Discussion
In the present study, subjects with MetS exhibited more atherogenic characteristics, as seen in the levels of obesity and glucose/lipid panels plus the serum RLP-C level in the pre-treatment phase, compared to those without MetS. Given the pathophysiology of MetS [1] [2] [3] , this is natural and a confirmation of the data observed in previous studies [7, 8] . Of note, in this study using ezetimibe monotherapy, there was a significantly greater reduction in RLP-C in subjects with MetS in comparison to those without MetS, even though the glucose/lipid parameters of the MetS criteria did not remarkably change during the pre-and post-treatment phases. This finding appears to be meaningful when considering the clinical relevance of RLP-C in individuals with MetS with regard to cardiovascular diseases [4] [5] [6] . On the other hand, the effects of ezetimibe in clinical scenarios of cardiovascular diseases remain to be sufficiently proven compared to other lipidlowering agents such as statins, while some studies indicate that ezetimibe could improve endothelial function in certain populations such as those with MetS [26, 27] . There is an opinion that ezetimibe can be used when statins are not well tolerated or as an additional option when more than one LDL-C lowering is required [20] . Therefore, although the data of the present study suggest a positive use of ezetimibe for populations with MetS relative to those without MetS, more investigations are required to establish the usefulness of ezetimibe as an option for the lipid/lipoprotein management in MetS.
The biological mechanism underlying the present results remains unclear; however, several possibilities exist. For instance, ezetimibe, due to its nature as an inhibitor Data are presented as means 8 SD or medians (IQR), unless otherwise indicated. TG and RLP-C were log-transformed because of their skewed distributions. * p < 0.05, ** p < 0.01, pre-treatment data between the study groups (unpaired t test or 2 -test); † † p < 0.01, pre-vs. post-treatment data within each group (paired t test).
of intestinal cholesterol transporter, may attenuate the intestinal overproduction of chylomicrons, which has been suggested to exist in individuals with MetS [11, 13] . A recent study in mice, which lack of hepatic Niemann-Picklike 1 expression and thereby have an advantage when trying to understand the lipid mechanism in small intestines, has clearly shown molecular mechanisms of ezetimibe-induced attenuation of postprandial hypertriglyceridemia by reducing the absorption of both cholesterol and long-chain fatty acids through enterocytes [16] . This can lead to the reduction in RLP-C via suppressed chylomicron remnants, and to the reduction of cholesterol inflow into the liver (subsequently, the remnant receptors of the liver can be up-regulated) [18] . Hepatic overproduction of remnants (VLDL in particular) is associated with hepatic steatosis [12] , and ezetimibe ameliorates the hepatic steatosis and improves insulin resistance [28, 29] . The improved insulin resistance can also improve intestinal lipid transport [9, 10, 13] , and beneficial hepatic changes will result in a further reduction in the RLP-C levels.
This study has some limitations. Although this was a prospective study, a randomized-controlled design was not applied. There were only a small number of participants, and they were all Japanese individuals. The data regarding intestinal cholesterol transport-related markers, as well as genetic and residual lifestyle components, were not included in the study. Therefore, even though the present study seems to provide insight into daily lipid treatment in MetS, this study remains preliminary, and caution must be exercised in interpreting the current results.
Conclusion
The findings of the present study suggest that ezetimibe monotherapy may induce a greater reduction in the circulating RLP-C levels in subjects with MetS than in those without MetS. More studies are needed to confirm the present findings and to clarify the mechanisms underlying such a relationship.
